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,QRXUSUHYLRXVVWXG\)DUNDVDQG-iUPDLLWKDVEHHQVKRZQWKDWWKHFHOOXODUVKHOOVFDQEHXVHGIRUDFROXPQLQ
WKHFDVHRIFRQVWUDLQWVRQKRUL]RQWDOGLVSODFHPHQWRIWKHFROXPQWRSDQGOLPLWDWLRQRIVKHOOGLDPHWHU&HOOXODUVKHOOV
KDYHD ODUJHEHQGLQJDQG WRUVLRQDO VWLIIQHVVDQGFDQEHGHVLJQHGZLWK UHODWLYHO\ VPDOO VKHOO WKLFNQHVVHVZKLFK LV
DGYDQWDJHRXVIRUIRUPLQJDQGZHOGLQJ
3UREOHPIRUPXODWLRQ
$ZHOGHGVWHHOVWUXFWXUHVKRXOGEHGHVLJQHGIRUDQRYHUKHDGHOHFWULFWUDQVPLVVLRQOLQHWRZHU7KHWRZHUKDVWZRSDUWV
7KHXSSHUSDUWFRQVLVWVRIDFHQWUDOWUXVVDQGFDQWLOHYHUVIRUIL[LQJWKHFRQGXFWRUV7KHORZHUSDUWLVFRQVWUXFWHGDVD
VLQJOHRUGRXEOHFHOOXODUFLUFXODUF\OLQGULFDOVKHOO)RUWKHGHVLJQRIDZHOGHGVWHHOWRZHUWKHVWDQGDUG(1
LVXVHG7KHORDGVDUHDVIROORZVGHDGPDVVRIWKHFRQGXFWRUVZLQGDQGLFHORDGDWRUVLRQDOORDGFDXVHGE\
EUHDNRIWKHFRQGXFWRUVLQDKDOIVLGHRIWKHWRZHU7KHXSSHUSDUWLVZHOGHGIURPVTXDUHKROORZVHFWLRQ6+6URGV
DFFRUGLQJ WR(1 7KH IROORZLQJFRQVWUDLQWVDUH WREH IXOILOOHGFRQVWUDLQWRQ UHGXFHGVWUHVVDQGRQ
RYHUDOOEXFNOLQJRIURGVOLPLWDWLRQRIWKHKRUL]RQWDOGLVSODFHPHQWRIWKHWRZHUWRSIDEULFDWLRQFRQVWUDLQWVOLPLWDWLRQ
RIWKHVKHOOWKLFNQHVVDQGWKHVKHOOUDGLXV


)LJXUH7UXVVHGXSSHUSDUWRIWKHWRZHU
Numerical data: KHLJKWRI WKH WRZHUH0 P)LJKHLJKWRI WKH ORZHUSDUWPXSSHUSDUWP7KH
VXSSRUWSRLQWVRIWKHFRQGXFWRUVDUHJLYHQLQ)LJXUH'LVWDQFHRIWKHWRZHUVL  PDQJOHEHWZHHQWKHQHLJKERXU
FRQGXFWRUOLQHV6WHHORI\LHOGVWUHVVfy 03D7KHPD[LPXPVKHOOWKLFNQHVVLVPPDQGUDGLXVLVOLPLWHG
WRPP
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/RDGV
3.1 Dead mass of the conductors for the towers’ distance 400 m 
/LJKWQLQJFRQGXFWRUVVWHHOGLDPHWHUd PPG [[ 1HOHFWULFFRQGXFWRUV
DOXPLQLXPGLDPHWHUd PPG [[ 1$OORZDEOHWHQVLOHEUHDNLQJIRUFHIRUOLJKWQLQJ
FRQGXFWRUVNDOORZ 1IRUHOHFWULFFRQGXFWRUVNDOORZ 1
3.2 Wind load 
$FFRUGLQJWR(19HORFLW\vb  PVFRHIILFLHQWRIGLUHFWLRQcdir 
7KHZLQGIRUFH
ܨ௪ ൌ ܿ௦ܿௗ ௙ܿݍ௣ܣ௥௘௙ ൌ ͳǤʹݔ͹͹ͺܮ݀ ൌ ͻ͵͵ܮ݀ሾܰሿ
L PGLVWDQFHEHWZHHQWRZHUVdLVWKHFRQGXFWRUGLDPHWHU
3.3 Ice load 
$FFRUGLQJWR,62JOD]HRIGHQVLW\Ȗ NJPDQGtice PPLFHWKLFNQHVVLVVHOHFWHG
7KHLFHPDVV݉ ൌ ߨߛݐ௜௖௘ሺ݀ ൅ ݐ௜௖௘ሻͳͲି଺NJP
7KHLFHORDGIRU\HDUVSHULRGܳ௜௖௘ଷ஺ ൌ ͻͲͲߨʹͲሺ݀ ൅ ʹͲሻͳͲିହ1P

3.4 Combination of wind and ice loads 
$FFRUGLQJWR(17DEOHZHVHOHFWWKHUHOLDELOLW\1RZLWKFRPELQDWLRQIDFWRUVIRUZLQGDQGLFH
ORDGVDQGDVZHOODVDQG7KHFDOFXODWLRQRIPD[LPXPORDGVIRU\HDUVSHULRGIURPWKHPLQLPXP
ORDGVIRU\HDUVLVSHUIRUPHGZLWKIDFWRUVRIDQGWDNHQIURP7DEOHV%DQG%DVIROORZV
7ZRFDVHVVKRXOGEHLQYHVWLJDWHG
D 0D[LPXPZLQGPLQLPXPLFH
0D[LPXPZLQGIRU\HDUVSHULRG
E 0LQLPXPZLQGPD[LPXPLFH
0LQLPXPZLQGIRU\HDUVSHULRG
7KHHIIHFWRILFHWKLFNQHVVLQWKHFDOFXODWLRQRIZLQGORDGVFDQEHQHJOHFWHG7KHLFHORDGRQWKHWRZHUVWUXFWXUHLV
QHJOHFWHG
3.5 Breaking the conductors 
$FFRUGLQJ WR(1 6HFWLRQ LW FDQEHVXSSRVHG WKDWDOO WKHFRQGXFWRUV LQRQH WRZHUVLGHFDQEUHDN
FDXVLQJWRUVLRQDOORDGV,QWKLVFDVHWKHEUHDNLQJIRUFHVDQGKDOIRIGHDGORDGZLQGDQGLFHORDGVDUHWREHFRQVLGHUHG
DWWKHVXVSHQVLRQSRLQWVRIWKHFRQGXFWRUV
3.6 Summary of loads 
7DEOH6XPPDU\RIORDGVLQ1LQWKHFDVHRIGHDGPDVVPD[LPXPZLQGPLQLPXPLFH
FRQGXFWRUV PD[LPXPZLQG PDVVPLQLPXPLFH
OLJKWQLQJ  
HOHFWULF  
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7DEOH6XPPDU\RIORDGVLQ1LQWKHFDVHRIPLQLPXPZLQGGHDGPDVVPD[LPXPLFH
FRQGXFWRUV PLQLPXPZLQG PDVVPD[LPXPLFH
OLJKWQLQJ  
HOHFWULF  

7DEOH6XPPDU\RIORDGVLQ1LQWKHFDVHRIEUHDNLQJWKHFRQGXFWRUVGHDGPDVVPD[LPXPZLQGPLQLPXPLFHDOOWKHEURNHQFRQGXFWRUV
DWOHIWVLGH
FRQGXFWRUV OHIWVLGHZLQG ULJKWVLGHZLQG OHIWVLGHPDVVLFH ULJKWVLGHPDVVLFH EUHDNIRUFHIRUOHIW
VLGHFRQGXFWRUV
OLJKWQLQJ     
HOHFWULF     

7DEOH6XPPDU\RIORDGVLQ1LQWKHFDVHRIEUHDNLQJWKHFRQGXFWRUVGHDGPDVVPD[LPXPLFHPLQLPXPZLQG
FRQGXFWRUV OHIWVLGHZLQG ULJKWVLGHZLQG OHIWVLGHPDVVLFH ULJKWVLGHPDVVLFH EUHDN IRUFH IRU OHIW
VLGHFRQGXFWRUV
OLJKWQLQJ     
HOHFWULF     

'HVLJQRIWKHFDQWLOHYHUVVXVSHQGLQJWKHFRQGXFWRUV
4.1 The uppermost cantilever for lightning conductor  
&KHFNRIURGVIRURYHUDOOEXFNOLQJDFFRUGLQJWR(1
ߪ ൌ
ܵ
ܣ
൑ ߯ ௬݂
ߣ௥௘ௗ ൌ
ߣ
ߣா
ǡ ߣ ൌ
ܭܮ
ݎ
ǡ ߣா ൌ ߨඨ
ʹ͵ͷ
௬݂


K LV WKH URGHQGVXSSRUW FRHIILFLHQW)RU FDQWLOHYHUVK  IRU WUXVV FRUGVK  WUXVVGLDJRQDOV DQGFROXPQV
K 7KHURGVRIWKHFDQWLOHYHUDUH6+6[

)LJXUH5RGVRIFDQWLOHYHUVVXVSHQGLQJWKHFRQGXFWRUV
4.2 Cantilevers for electric conductors (Figs 1 and 2) 
7ZRDVSHFWVIRUWKHGHVLJQRIWKHFDQWLOHYHUVDUHDVIROORZVDVLQFHWKHORDGVDFWLQJRQVXVSHQVLRQSRLQWVHQGMRLQW
RIWKHFDQWLOHYHUDQGWKHORZHUMRLQWRIWKHURGDUH'7DEOHWKHVXVSHQVLRQSRLQWVVKRXOGJXDUDQWHHWKHVSDWLDO
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HTXLOLEULXPEWKHDQJOHEHWZHHQHDFKURGVVKRXOGEHPLQLPXPWRHQDEOHWKHHDV\ZHOGLQJRIWKHMRLQWV7R
DVVXUHWKLVDQJOHWKHGLPHQVLRQRIWKHFHQWUDOYHUWLFDOWUXVV³H´LVZLGHQHGE\GLVWDQFH³G´)LJ,QWKHGHVLJQRI
HDFKURGVIRURYHUDOOEXFNOLQJWKHFRHIILFLHQWKLVVHOHFWHGDVK 

7DEOH5RGOHQJWKVLQPP)LJ
 ORZHU FHQWUDO XSSHU
   
   
   
   
   
   
   

7DEOH/RDGFDVHVIRUFDQWLOHYHUVLQ1
IRUFHGLUHFWLRQ DPD[ZLQG EPD[LFH FEUHDNLQJWKHFRQGXFWRUV
YHUWLFDO   
KRUL]RQWDOORQJLWXGLQDO   
KRUL]RQWDOWUDQVYHUVH   

7DEOH3URILOHV6+6IRUDOOURGV
ORZHU FHQWUDO XSSHU
[ [ [

'HVLJQRIWKHWUXVVHGXSSHUFHQWUDOSDUWRIWKHWRZHU

7KHFHQWUDOSDUWLVFRQVWUXFWHGDVDWUXVVRIVTXDUHV\PPHWULFIRXUFKRUGVZKLFKFRQVLVWVRIWKUHHSDUWVWKHORZHUSDUW
ZLWKGLVWDQFHRIFKRUGVRIPPDQGOHQJWKRI[ PPWKHFHQWUDOSDUWRIGLVWDQFHRIFKRUGVRI
PPDQGOHQJWKRI[ PPDQGWKHXSSHUSDUWRIGLVWDQFHRIFKRUGVPPDQGOHQJWKRI[ 
PP
7KHJRYHUQLQJORDGLVEUHDNRIRQHOLJKWQLQJFRQGXFWRUDQGHOHFWULFFRQGXFWRUVLQRQHVLGHRIWKHWRZHUKDOIRIWKH
GHDGPDVVPD[LPXPZLQGDQGPLQLPXPLFHDVIROORZV
&DOFXODWLRQRIWKHKRUL]RQWDOGLVSODFHPHQWRIWKHXSSHUWUXVVHGWRZHUSDUW

7KHFDOFXODWLRQLVSHUIRUPHGIRUHDFKIRUFHDQGWUXVVSDUWVHSDUDWHE\XVLQJWKHZHOONQRZQIRUPXOD
ݓ ൌ෍ ௜ܵ
ݏ௜ܮ௜
ܧܣ௜௜

ZKHUHSiLVWKHURGIRUFHIURPWKHDFWXDOORDGsiLVWKHURGIRUFHIURPWKHF  IRUFHDFWLQJLQWKHSRLQWDQGLQWKH
GLUHFWLRQRIWKHGLVSODFHPHQWLiLVWKHURGOHQJWKELVWKHHODVWLFPRGXOXVAiLVWKHFURVVVHFWLRQDODUHDRIWKHURG
7KHGHWDLOVRIWKHFDOFXODWLRQDUHQRWGHVFULEHGKHUH
7KHWRWDOGLVSODFHPHQWRIWKHWRZHUWRS
ݓ଴ ൌ ʹǤͲʹ ൅ ʹ͹Ǥ͸ͳ ൅ ͺͷǤʹ͸ ൅ ͻǤͶͲ ൅ ʹʹǤͲͶ ൅ ʹǤͷͲ ൌ ͳͶͺǤͺ͵݉݉ ൎ ͳͶͻPP
'HVLJQRIWKHORZHUSDUWRIWKHWRZHU

&RQVWUDLQWVIRUWKLVSDUWDUHDVIROORZVOLPLWDWLRQRIWKHKRUL]RQWDOGLVSODFHPHQWRIWKHWRZHUWRS
ݓ௔ௗ௠ ൌ 
ுబ
ଵହ଴
ൌ  ସହ଼଴଴
ଵହ଴
ൌ ͵ͲͷPP
LWPHDQVWKDWWKHGLVSODFHPHQWFDXVHGE\WKHORZHUSDUWLVOLPLWHGWR
ݓ௔ௗ௠ଵ ൌ ͵Ͳͷ െ ͳͶͻ ൌ ͳͷ͸PP
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
'LPHQVLRQDOFRQVWUDLQWWKHPD[LPXPGLDPHWHURIWKHFLUFXODUF\OLQGULFDOVKHOOLV
ܦ௠௔௫ ൌ ʹʹͲͲPP

7KHGLVSODFHPHQW
ݓ ൌ ி௅ೞ
య
ଷாூೣ
൅ ெ௅ೞ
మ
ଶாூೣ


Ls PP
7.1  Single circular cylindrical shell 
)RUR DQGt PPܫ௫ ൌ ߨܴଷݐଶ ൌ ͳǤ͹ͳͶݔͳͲଵଵPPw PP2.
,WFDQEHFRQFOXGHGWKDWWKHVLQJOHVKHOOVKRXOGKDYHWKLFNQHVVRIPPZKLFKLQXQVXLWDEOHIRUIRUPLQJDQGZHOGLQJ
7.2  Cellular shell 
&HOOXODUVKHOOFRQVLVWVRIWZRFRQFHQWULFFLUFXODUF\OLQGULFDOVKHOOVDQGORQJLWXGLQDOVWLIIHQHUVZHOGHGEHWZHHQWKHP
)LJ,WLVDGYDQWDJHRXVWRXVHKDOYHGFLUFXODUKROORZVHFWLRQ&+6VWLIIHQHUVWRHQDEOHWKHHDV\ZHOGLQJRIWKH
RXWHUVKHOOSDUWV
,QWKHGHVLJQRISODWHGRUVKHOOVWUXFWXUHVWKHPDLQSUREOHPLVWRVHOHFWWKLFNXQVWLIIHQHGRUWKLQVWLIIHQHGVWUXFWXUHV
7KLV GHFLVLRQ GHSHQGV RQ VWUHQJWK IDEULFDWLRQ RU HFRQRPLF DVSHFWV (FRQRPLF VROXWLRQ LV SHUIRUPHG E\ FRVW
FRPSDULVRQ)DEULFDWLRQDVSHFW LV WKH OLPLWDWLRQRI WKLFNQHVV,WFDQEHVWDWHG WKDW WKLFNQHVVHVRYHUPPDUH
GLVDGYDQWDJHRXVIRUIRUPLQJDQGZHOGLQJ7KHVHDVSHFWVDUHDSSOLHGLQWKHGHVLJQRIFHOOXODUSODWHVDQGVKHOOV
7KHPLQLPXPQXPEHUDQGGLPHQVLRQVRI&+6VWLIIHQHUVDUHVHOHFWHGWDNLQJLQWRDFFRXQWRIIDEULFDWLRQDVSHFWV
7.3 Check of the cellular shell for displacement constraint 
)LJVDQGVKRZWKHPDLQGDWDRIDFHOOXODUVKHOO



)LJXUH'LPHQVLRQVRIDFHOOXODUVKHOO

7KLFNQHVVHVt t PP&+6VWLIIHQHUVDs ts As Rs PPQXPEHURIORQJLWXGLQDO
VWLIIHQHUVns 

ܴ଴ ൌ ඨ൬ܴ െ ܴ௦ െ
ݐଵ ൅ ݐ௦
ʹ
൰
ଶ
൅ ܴ௦ଶ െ
ݐ଴
ʹ

7KHFURVVVHFWLRQDODUHD
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ܣ ൌ ʹߨሺܴݐଵ ൅ ܴ଴ݐ଴ሻ ൅
௡ೞ஺ೞ
ଶ
ൌ ͵ǤͲͶ͹ݔͳͲହPP

)LJXUH*HRPHWU\RIFHOOXODUVKHOO


0RPHQWRILQHUWLDRIDKDOYHG&+6
ܫ௫௦ ൌ 
ோೞయగ௧ೞ
ଶ
ቀͳ െ ଼
గమ
ቁ ൌ ͷǤͺ͹ͳݔͳͲ଺PP

0RPHQWRILQHUWLDRIWKHVWLIIHQHUV
ܫ௫௦଴ ൌ  ሺܫ௫௦ ൅ ܣ௦ݏଶሻσ ቂݏ݅݊ ቀ
ଶగ௜
௡ೞ
ቁቃ
ଶ௡ೞ
௜ୀଵ ൌ ͳǤͻ͹ͺݔͳͲ
ଵ଴PP

0RPHQWRILQHUWLDRIWKHZKROHFURVVVHFWLRQRIWKHFHOOXODUVKHOO
ܫ௫ ൌ  ܫ௫௦଴ ൅ ߨሺܴଷݐଵ ൅ ܴ଴ଷݐ଴ሻ ൌ ͳǤ͹Ͷ͸ݔͳͲଵଵPP

7KHGLVSODFHPHQWw PPVDWLVILHG
,WFDQEHVHHQWKDWWKHFHOOXODUVKHOOVDWLVILHVWKHFRQVWUDLQWVXVLQJVXLWDEOHWKLFNQHVVHVWKXVLWLVPXFKPRUHVXLWDEOH
WKDQWKHVLQJOHVKHOO
7DEOHVKRZVWKHQHFHVVDU\VLQJOHRUFHOOXODUVKHOOVLQWKHIXQFWLRQRIUDGLXVR

7DEOH1HFHVVDU\WKLFNQHVVHVRIVLQJOHDQGFHOOXODUVKHOOV
5DGLXVRPP 1HFHVVDU\VWUXFWXUH
 FHOOXODUVKHOOt t PP
VLQJOHVKHOOt PP
 FHOOXODUVKHOOt t PP
VLQJOHVKHOOW PP
 VLQJOHVKHOOt PP
 VLQJOHVKHOOt PP

,WFDQEHVHHQWKDWWKHXVHRIDVLQJOHVKHOOQHHGVPLQLPXPVKHOOUDGLXVRIPP
,WVKRXOGEHQRWHGWKDWWKHFHOOXODUVKHOORIOHQJWKPFDQEHIDEULFDWHGIURPIRXUSDUWVRIOHQJWKPXVLQJEROWHG
IODQJHV
&RQFOXVLRQV
,WLVVKRZQWKDWLQWKHFDVHRIFHUWDLQFRQVWUDLQWVDFHOOXODUVKHOOLVPRUHVXLWDEOHIRUIDEULFDWLRQWKDWDVLQJOHVKHOO$
FHOOXODUVKHOOFRQVLVWVRIWZRFRQFHQWULFFLUFXODUF\OLQGULFDOVKHOOVDQGORQJLWXGLQDOVWLIIHQHUVZHOGHGEHWZHHQWKHP,W
FDQEHXVHGDVWKHORZHUSDUWRIDQRYHUKHDGHOHFWULFOLQHWRZHU+DOYHGFLUFXODUKROORZVHFWLRQ&+6VWLIIHQHUVDUH
XVHGVLQFHWKH\DUHDGYDQWDJHRXVIRUZHOGLQJRIWKHRXWHUVKHOOSDUWV
7KHJRYHUQLQJGHVLJQFRQVWUDLQWLVWKHOLPLWDWLRQRIWKHKRUL]RQWDOGLVSODFHPHQWRIWKHWRZHUWRS7KHVKHOOGLDPHWHU
LVDOVROLPLWHG)RUVKHOOUDGLXVRIPPDFHOOXODUVKHOOQHHGVWKLFNQHVVHVRIPPDVLQJOHVKHOOQHHGVWKLFNQHVV
RIPP7KHEUHDNRIRQHOLJKWQLQJDQGVL[HOHFWULFFRQGXFWRUVLQWKHVDPHWRZHUVLGHFDXVHVDWRUVLRQDOPRPHQW
EXWWKHVWUHVVFRQVWUDLQWIRUWKHWRZHUORZHUSDUWLVSDVVLYH
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7KHXSSHUSDUWRI WKH WRZHU LVFRQVWUXFWHGDVD WUXVVZHOGHGIURPVTXDUHKROORZVHFWLRQ 6+6URGV7KH WUXVVHG
FDQWLOHYHUVVXSSRUWWZROLJKWQLQJDQGHOHFWULFFRQGXFWRUV
,QWKHFRPELQDWLRQRIZLQGDQGLFHORDGVWZRFDVHVDUHWDNHQLQWRDFFRXQWDFFRUGLQJWR(1DPD[LPXP
ZLQGORDGDFWLQJGXULQJ\HDUV¶SHULRGDQGPLQLPXPLFHORDGDFWLQJGXULQJ\HDUV¶SHULRGEPD[LPXPLFHORDG
IRU\HDUVSHULRGDQGPLQLPXPZLQGORDGIRU\HDUVSHULRG
$FNQRZOHGJHPHQWV
7KHSUHVHQWVFLHQWLILFFRQWULEXWLRQLVGHGLFDWHGWRWKHWKDQQLYHUVDU\RIWKHIRXQGDWLRQRIWKH8QLYHUVLW\RI
3pFV+XQJDU\
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